Background: Respiratory failure is a common complication of poisoning with significant morbidity and mortality. Mechanical ventilation is life saving. Weaning is the process of liberating patient from mechanical ventilatory support. Interleukin-6 (IL-6) and C-reactive protein (CRP) are inflammatory mediators, released in response to many stressful conditions as weaning from mechanical ventilation.
Introduction
any toxins cause direct respiratory insults that require mechanical ventilation. Organophosphorus compounds, toxic inhalants and opioids come at the top of the list (Bhadra & Suratt, 2009) . Liberation from mechanical ventilation as early as possible prevents complications associated with prolonged unnecessary mechanical ventilation (Boles et al., 2007) .
Significant effort was done to determine and evaluate the possible role of various clinical measurements as predictors for successful weaning (Madani et al., 2013) . At present, no single predictor, or set of predictors, has the desired reliability and such a prediction remains a difficult challenge (Verona et al., 2015) . Predictors also have the potential for identifying specific physiological changes responsible for weaning failure (Routsi et al., 2013) .
M
There is available evidence for weaning-induced cytokine release; Interleukin-6 (IL-6) is one of the proinflammatory cytokines which is generated in response to stress factors such as high inspiratory load (Sellares et al., 2012) . The level of IL-6 in plasma is known as a powerful cause of CRP production in the live. CRP is a plasma protein produced in response to inflammation, infection and stress that measure the acute response to inflammation and is one of the markers of choice in monitoring this response (Black et al., 2004) . Therefore, the aim of this study was to assess the role of systemic interleukin-6 level and C-reactive protein as predictors of outcome of weaning from mechanical ventilation in acutely intoxicated patients admitted to the Poison Control Center-Ain Shams University. Also to assess their role in selection of the most appropriate mode for weaning by comparing weaning by pressure support ventilation(PSV) mode, Synchronized intermittent mandatory ventilation (SIMV) mode and weaning by the once-daily trial of spontaneous breathing method (T-piece).
Subjects and Methods

I-Subjects
This work presents a cross sectional prospective study carried out at Poison Control Center of Ain Shams University (PCC-ASU) during the period from May 2016 till September 2018.
Ethical consideration
After approval from the medical ethical committee, an informed written consent was obtained from each patient or from his/her guardian for inclusion in the study for obtaining medical history, clinical examination, and for the permission to take blood samples for laboratory investigations.
Inclusion criteria
The selected patients were adults of both sexes, acutely intoxicated, intubated and mechanically ventilated. Patients selected to be similar regarding disease severity and duration of ventilation before weaning. Exclusion criteria -The following patients were excluded:
1.History of respiratory disease. 2.History of cardiac disease. 3.History of renal disease. 4.History of hepatic disease.
5.History of neurological or neuromuscular disease II-Methods
Patients were being subjected to 3 step protocol for weaning:
Step 1: (readiness for weaning) Entry criteria for the weaning trial were as follows: -Improvement in the underlying condition that led to acute respiratory failure. -Adequate oxygenation, indicated by (PaO2)/FiO2) ≥ 200, PaO2 ≥ 60 mmHg, SaO2 ≥ 90% on FiO2 ≤0.4 and PEEP≤5 cm H2O.
-Adequate pulmonary function indicated by breath per minute (f) ≤ 35 and rapid shallow breathing index (RSBI) ≤ 105 breaths/min/L. -Hemodynamic stability indicated by heart rate less than 140 beats / minute, systolic blood pressure between 90-160 mmHg, on no or minimal vasopressors; dopamine < 5 μg/kg per min was be allowed. -Adequate mental status (arousal, Glasgow Coma Scale score of ≥13, and no continuous sedative infusions).
-Effective cough on a passing suction catheter through the endotracheal tube. -Core temperature ≤ 38°C. -Normal acid base and electrolytes.
Step 2: (spontaneous breathing trial) When patients met all the above criteria, the next step was to give a short trial of spontaneous breathing by pressure support (received FiO2 ≤ 0.4, PS ≤ 8 cmH2O, and positive end expiratory pressure ≤ 5 cmH2O for 2 hours).Patients who did not show signs of failure, which were;(SaO2< 90%, PaO2< 60 mmHg; f > 35 breaths / minute; HR > 140 beats / minute; systolic BP >180 mmHg or < 90 mmHg; the presence of paradoxical breathing, diaphoresis, agitation, disorientation or depressed mental status),were be extubated. According to the SBT, patients were categorized consecutively into 2 groups: Group I: included 19 patients who were weaned successfully (The SBT Success group). Group II: included 39 patients who failed weaning (The SBT failed group)
Step 3: (difficult to wean) In case of the trial failure (difficult to wean), those patients were classified into three groups (each n = 13). The patients were assigned to the groups in a blinded fashion with the use of opaque, sealed, numbered envelopes, which were opened only when a patient did not successfully complete the two-hour weaning trial:
Group (1) Pressure support Ventilation group (PSV):
In this group the pressure support was be initially set at 18 ± 6 cmH2O with attempting reductions of 2-4 cmH2O twice a day until 8 cmH2O could be tolerated.
Group (2) Synchronized intermittent mandatory ventilation (SIMV):
In this group the initial mandatory breath rate was 10 ± 2 breaths per minute with attempting reductions of two to four breaths/min, twice a day, until four breaths/min could be tolerated.
Group (3) Once-daily trial of spontaneous breathing:
In this group T-piece trials of increasing duration of spontaneous breathing once-daily were done until 2 h could be tolerated. with quantitative data. Also the Tukey HSD ("Honestly Significant Difference") post-hoc test was used to indicate which groups were significantly different from which others. The probability (P) was used in all tests. If P <0.05, the comparison was significant (S), If P >0.05, the comparison was non-significant (NS), if P<0.01, the comparison was highly significant.
III-ROC curves
Receiver Operating Characteristic (ROC) curve determines sensitivity, specificity, and also can determine the significance of a test in predicting certain disease using the Area Under the Curve (AUC) and its significance(Pvalue). Then, the results of the statistical analysis were represented in tables and histograms for interpretation and discussion. Table ( 1) showed that the highest incidence of poisoning in the studied groups was seen in patients in the middle age group and males were more presented than females. Organophosphate represents the most prevalent poisoning cause for mechanical ventilation in the studied groups.
Results
Regarding vital data and Glasgow Coma Scale (GCS) results in the studied groups, table (2) showed that temperature and respiratory rate (RR) were significantly higher in the failed group compared to the success group pre weaning trial and during weaning trial.
As regards RSBI index there was a highly significant difference between patients who succeeded and who failed weaning trials and also significant difference regarding minute ventilation pre weaning trial and during weaning trial table (3).
As regards PaO2 and PaO2/FIO2 were significantly lower in the failed group compared to the success group pre weaning trial and during weaning trial. While PA-aO2 G was significantly higher in the failed group as showed in table (4).
As regards Magnesium, Calcium, Hemoglobin, Hct results were significantly lower in the failed group compared to the success group table (5).
As regards results of CPK-MB, IL-6, and CRP levels, table (6) showed that CPK-MB level and IL-6 were significantly increased after 2 days in patients who failed the SBT compared to the success group. While, CRP was significantly higher in the failed group during weaning trial and 2 days after.
By Receiver Operating Characteristic (ROC) curve it was found that Temp, RR, RSBI, Minute ventilation, PaO2, PaO2/FIO2 ratio, PA-aO2 G and CRP could predict weaning outcome during weaning trial with RSBI and RR had the highest sensitivity and specificity table (7) & figure (1a,b).
Our results showed that the highest successes rate was in the PSV group (76.9%), while the highest failure rate was in the SIMV group (38.5%) as showed in table (8).
Table (9) demonstrated the survival pattern among 39 patients who failed the SBT where 27 cases (69.2%) survived and the overall mortality was 12 cases (30.8%). The cause of mortality in 7 patients as shown was respiratory failure and the shock was the cause of death in the other 5 patients.
There was no significant difference between the three weaning modes regarding IL6 and CRP, 2 days after weaning trial when comparing PSV, SIMV and Once T-piece groups as showed in table (10).
On comparing PSV, SIMV and Once T-piece groups as regards PO2, PaO2/FIO2 and P A-a O2 G 2days after weaning trials, there was a significant difference when comparing PSV and SIMV groups and SIMV and Once t-piece groups respectively, while insignificant difference when comparing PSV and once t-piece groups as showed in table (11). 
Discussion
The process of weaning may impose an increased load on respiratory muscles. High inspiratory load results in increased mechanical stress, increases permeability and induces inflammation with increased in IL-6 levels, which could stimulate increased CRP, reflecting the intensity of the inflammation process (Sellares et al., 2012) .
The present study included fifty eight acutely intoxicated patients, intubated and mechanically ventilated, in the ICU of PCC of Ain Shams University during the period from May 2016 till September 2018.
It was noticed that the highest incidence of poisoning in the studied groups was seen in patients in the middle age group which could be explained by the increased stress conditions that can happen during this age. This was similar to the study done by Ahmed et al.,2014 that included 117 ICU patients with acute OP poisoning requiring mechanical ventilation.
Males were more affected than females, the possible explanation of male predominance in the current study is the liability of males to life stresses and strains in our society because of unemployment, poverty and depression. This was also seen in the study of El Maraghiet al., 2014 and Georgakaset al., 2018 which males were more affected than females.
The present study showed that organophosphate represent the most prevalent poisoning requiring mechanical ventilation in both the SBT success group and the SBT failed group with percentage 26.3%, 25.7% respectively. The possible explanation of this predominance is the easy availability of insecticides as household products. Previously, Nazima et al., 2018 reported that the total poisoning admissions during their study period from August 2006 to August 2010 were 2057, among them 1258 were organophosphorous poisoning cases which constituted 61.16% of total poisoning admissions among them 254 needed mechanical ventilation.
The present study showed that temperature and respiratory rate (RR) were significantly higher in the failed group compared to the success group.
Higher temperature increases peripheral oxygen utilization leading to decrease mixed venous oxygen content and increase carbon dioxide production which increase ventilatory demand predisposing to failure of SBT (Epstein, 2009) .
On the contrary, Yoo et al., 2018 that carried out on sixty patients subjected to extubation trial in the medical or surgical intensive care unit from May 2015 through February 2016, showed that there was statistically non-significant difference between both groups regarding temperature.
In the study of Spadaro et al., 2016 that carried out on 51 ready-to-wean patients. The mean RR was significantly higher in the failed group compared to the success group. On the contrary, other studies showed that there was statistically non-significant difference between both groups regarding RR (Monaco et al., 2010) .
The present study showed that RR could predict weaning outcome during weaning trial, it was found that RR at cut-off point 33 breath/min had corresponding sensitivity 97.44% and specificity 100 %. In the study conducted by Lima, 2013 RR was also an effective predictor of weaning failure. The best cutoff point was RR > 24 rpm, sensitivity 100%, specificity 85%, and accuracy 88% which differed from those reported in the literature suggesting that the cut-off points of 35 and 38 are too high for our reality.
Regarding lung mechanics, the present study, found that RSBI showed highly significant decrease in success group compared to failed group pre-weaning trial and during weaning trial. Also, the result showed that RSBI, can predict weaning outcome during weaning trial, it was found that RSBI at cut-off 74 breaths/min/l had corresponding sensitivity of 97.44% and specificity of 100 %.
In accordance, Goncalves et al., 2017 in their prospective study which conducted on 40 patients where RSBI was measured in three different methods of weaning, it was found the RSBI with the cutoff point of 78 cycles/min/L is the best strategy to identify patients that are ready for MV withdrawal.
RSBI has been the most often employed index to evaluate MV withdrawal. Currently, some institutions rely exclusively on the value of RSBI measured once a day before submitting the patient to SBT or extubation.
As regards minute ventilation the present study results showed that minute ventilation was lower in failed group in comparison to succeed group preweaning trial and during weaning trial.
This finding was in agreement with the prospective study done by Okamoto et al.,1990 on 25 patients who required mechanical ventilatory support after major surgery or severe burns, the result showed that minute ventilation was lower in failed group in comparison to succeed group.
Low Minute ventilation may arise from decreased respiratory center drive, a structural abnormality of the lungs or of the thoracic cage, or respiratory muscle dysfunction (Kallet, 2011) .
PaO2 and PaO2/FIO2 were significantly lower in the failed group compared to the success group pre weaning trial and during weaning trial.While PA-aO2 G was significantly higher in the failed group.
This finding was in agreement with previous studies by El Maraghi et al., 2014 and Chiwhane & Diwan, 2016 which showed significant difference between both groups as regards PO2 pre-weaning trial and during weaning trial.
The present study showed that there was significant decrease of both the mean serum magnesium and calcium in failed group compared to the success group.
Disorders of magnesium, calcium are common in patients admitted to ICU. Hypomagnesaemia and hypocalcaemia leads to muscle weakness and respiratory failure, causing difficulty in weaning patient from the ventilator (Safavi & Honarmand, 2007) . This significant difference in serum magnesium and calcium levels between both studied groups could be attributed to the severity of illness in addition to malnutrition and poor health care in most of patients of the failed group.
Also, anemia is a common co-morbid condition in the ICU, and is found in virtually all critically ill patients (Scheinhorn et al., 2007) .
In the present study, the mean hemoglobin level was significantly lower in the failed group compared to the success group, pre weaning and 2 days after weaning trial. Good hemoglobin and Hct levels were found to be associated with weaning success.
Wide debate about the desired hemoglobin level suitable for weaning. Many studies referenced a hemoglobin target of >10 g/dL as weaning guideline (Boles et al., 2007) .
In the present study, the CPK-MB level was significantly higher in the failed group after 2 days of weaning trial, mostly due to presence of cardiopulmonary stress compare to success group.
As regards serum interleukin-6 level, the current study showed that there was significant difference between the failed group and success group 2 days after weaning where the serum interleukin-6 level was significantly higher in the failed group.
In the study conducted by Sellarés et al., 2012 on 49 mechanically ventilated patients, showed that change in IL-6 during the SBT in SBT failure was significantly increased compared with the success group.
Also, In the study conducted by Forgiarini et al.,2018 on 54 adult mechanically ventilated patients, IL-6 serum concentrations was significantly higher in patients who failed the SBT than who passed it.
In the present study, the increase of serum IL-6 levels was higher in SBT failure compared with success. The possible explanation of this predominance is that weaning process involves cardiopulmonary stress for ventilated patients. As interleukin IL-6 is a major modulator of the stress response, these results may be attributed to the fact that failed patients present less favorable reserve conditions for coping with cardiopulmonary stress during the SBT than succeed patients (Aleksandrova, 2012) .
As regards CRP the present study showed that there are significantly higher values in the failed group compared to the success group during weaning trial and 2 days after.
This was agreed with the prospective study done by Zaytoun et al., 2014 that included 65 mechanically ventilated adult patients who presented with severe sepsis, where there were significantly higher values in the failed group compared to the success group after 24 h and after 72 h.
Also in the present study, CRP could predict the outcome of weaning from mechanical ventilation during weaning. CRP at cut-off point 37 mg/L had corresponding sensitivity of 58.97% and specificity of 89.47%. . Luo et al. (2017) , showed that CRP level >58 mg/L were the independent predictors for weaning failure. They concluded that CRP level of >58 mg/L prior to weaning had the best combination of sensitivity, specificity, positive predictive value, and negative predictive value, and diagnostic accuracy for predicting weaning failure.
A strong and independent association of increased CRP and respiratory failure were shown in several studies (Salazar et al., 2014) .
CRP is an acute phase reactant, and its plasma level increases four to six hours after a stimulus, Toumpanakis et al., 2015 hypothesized that inspiratory resistive breathing (IRB) results in increased mechanical stress, causing pulmonary inflammation, the intensity of the inflammation is due to cardiovascular stress, induces increased IL-6 levels, which could stimulate increased CRP, reflecting the intensity of the inflammation process.
As regard comparison between the three modes of weaning, the highest success rate was found in the PSV group (76.9%) while the highest failure rate was in the SIMV group (38.5%).
In a European multicenter trial, 456 medicalsurgical ICU patients who were clinically ready for weaning and satisfied traditional weaning criteria were studied. The results showed that PSV had the lowest weaning failure rate as compared to SIMV or T-piece (23% vs 42% and 43%) (Brochard et al., 1994) .
In the study conducted by Ladeira et al., 2014 to compare pressure-support ventilation with spontaneous breathing through a T-tube for weaning from mechanical ventilation in adults, no clear evidence was found. Matic & Majeri-Kogler, 2004 compared SBT and PSV as two methods of weaning patients from mechanical ventilation. PSV was the superior method of weaning according to the rate of successful extubation, time of weaning from mechanical ventilation, total time of mechanical ventilation, and length of ICU stay.
The study showed that there was no significant difference on comparing the three modes regarding IL6 and CRP. However, there was a significant difference between the three weaning modes as regards PO2, PaO2/FIO2, and PA-a O2 gradient measured 2 days after weaning trials. It was found that there was a significant difference when comparing PSV with SIMV groups and SIMV with Once t-piece groups.
So, PO2, PaO2/FIO2 ratio and PA-a O2 gradient can be used to compare weaning modes and the lowest value was in the SIMV group.
Conclusion
It was concluded that patients who failed the SBT presented higher inflammatory parameters than those who passed. CRP could predict the outcome of weaning from mechanical ventilation. The highest success rate was in the PSV group while the highest failure rate was in SIMV group.
Temperature, RR, RSBI, Minute ventilation, PO2, PaO2/FIO2 ratio, PA-a O2 G and CRP could predict weaning outcome during weaning trial, while RSBI and RR had the highest sensitivity and specificity.
Recommendations
Simple, economic and easily accessible markers like CRP and IL6 are important determinants of possible outcomes of a patient from mechanical ventilation. RSBI and RR had the highest sensitivity and specificity among the predictors in our study so, RSBI and RR should be considered for every patient before weaning.
T-piece trial has to be taken in consideration and implemented if choice is made between it and synchronized intermittent mandatory ventilation or pressure support ventilation as methods of weaning patients from mechanical ventilation, it is easily applicable even by the respiratory therapists and the nurses. In contrast, with synchronized intermittent mandatory ventilation and pressuresupport ventilation, ventilator settings must be adjusted repeatedly.
